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]<�Ó� � 7 �X�)HK¡�QRSÞT'w�H`;K]<OROPQgk5QRS���b\i5b\T'HK��7
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200 GeV Au+Au (0-50%)

Hydrodynamic calculation
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]<�)w�9<JUk×��JU]5;aH^bUb'H^b[o�Q�TUwàTUw�H�Shm��F��HKJ�]<�.��QPS�9<J'iØ;K]<OROPQgb'QP]IS�b[QRb
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b'QR]<S�b^7��:w�Qgbe;>w�]<Qg;aHàQgbe��9<k5H×��]<J�;a]IS�b'QRb\T'H^S�;ai-J>9pT'w�HKJNT'w�9<S
��HKQRS��¢b+TUJ']IS��<ORi��X]GTUQP�p9GT'H^k���i¢��whi5b\Qg;KbN;a]IS�b\Qgk5H^JU9GT'QR]<S�b^7���S
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TUHKJ>9<;aT'QR]<S�beQRS�TUw�H�k5H^S�b\H��XHLk5QPm�� ��]<JU�XH^k 9p�±TUHKJ�TUw�H�;a]IOPORQ��
b'QR]<S�7���]DQRSh�<HLb+TUQP��9pT'H�TUw�QgbØ��]IbUb\QR��QROPQPT+i<?qb'QP�XQROR9<Jàk�9GTU9-o[HKJUH
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;a]I�X��9GJUH^k¢TU]�T'w�H�¡h�P��¡ � k�9GTU9�7¢�:w�H^b'Hàb'w�QP�±TUbX9GJUHØ;a]I�e�*9p�
J>9G��ORH�TU]�?h]<J�b'��9GOROPH^JfTUw�9GS�?ITUw�H�b\i5b\T'H^�X9GT'Qg;�m�S�;aH^J\T>9GQRSITUQPHLb[QPS
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b'm�O�T>b`TU]�T'w�]Ib'HØ]G��TUw�Hà]<T'w�H^JFH��5��HKJUQP�XH^SIT>bK7�� TX;K9<S09GOgb\]���H
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TUQR9<O8b\TU9GT'H�H�¥(H^;�T>bK7 �q]po[HK�IHKJL?�Q�T�Qgb×k5Q'�Ø;am�OPTÞT']�9��I]<Qgk T'w�H
;K]<S�;KOPm*b\QR]<S1TUw�9pTÞT'w�H���9pV+]IJ'QPT+i ]G�`TUw�H¢k�Q�¥(HKJUHKS�;KH�QRS�r sEs
;K]<�X��9<J'HLk¢T']�r~}�s � J'HLb\m�OPTUbF��JU]<� T'w�HÞQR�e�*9<;�Te]G�qTUw�Hàw�QP�Iw
H^S�HKJU�<i�k5HKS�b'QPT+i���9pT'T'HKJF]<S¢T'w�Hài�QRHKOgk¢]G�:��9GJ'T'Qg;aORH^b`o�Q�TUw�ç O
QRS�TUw�Qgb{�XHL9<b'm�J'HLk�J>9GS��IH<7`ufOPHL9GJUOPiI?*TUw�HX;a]<S*b+TUQ�TUm�HKS�TUb8]<��T'w�H
�XHLk5QPm�� ��JU]5k5m�;KH^k�QRS�T'w�H�;KHKS�T'J>9GO{dqm¯®8d�m&;a]<ORORQRb'QP]IS�b�H4���
��HKJUQRHKS�;KHX9�b'QP�IS�Q'�*;K9<SITCORHK�<H^O�]G�[QPS�T'H^JU9I;�TUQP]IS�7XY5QPS�;KH<?.9<b�k5Qgb+�
;Km�bUb\HLkD9G��]p�<H<?.TUw�H×b'i5b+TUHK� 9pT`TUw�QgbNHL9GJUOPi¢b+T>9G�IHà;K9<S�S�]GTe�*H
��J'QR��9GJUQPORiàw�9Ik5JU]<S�Qg;CQPS�S�9pTUm�J'HI?�]IS�HF;K9<S�;a]IS�;aORm�k5H�TUw�9pT{T'w�H
w�QP�Iw&HKS�H^J'�Ii k�HKS�b'Q�T+i���9pT'T'H^JÞ;KJ'HL9pT'HLk19pT�_q�q�'u QRS�T'H^JU9I;�TUb
�IHKJUi�b\T'JU]<S��IOPi�o�Q�TUw&w�QR�<wDç O �*9GJ'T']<S*b ¤ ]IJào�QPT'w1o�w�9GT'H^�<HKJ
;K]<S�b\T'QPT'm�HKS�TUbN;a]<�X��JUQgb\H�TUw�H×k�]<�XQPS*9GS�Tek5H^�<JUHKHLb�]G����JUHKHLk5]<�
9GT:T'w�Qgb�H^9<J'ORiØb\TU9G�IHL¥a7.� T�;KHKJ'TU9<QPS�ORiØk5]hH^b:S�]GTq9G����H^9<J:T']X��H`9
o[H^9<=hOPi�QRS�T'HKJ>9<;aT'QRS��X��9GJ'T']IS×]IJ:w�9<k5JU]<SÞ�I9IbK7
��S1JUHKOg9pT'HLk��XH^9<b'm�JUHK�XHKS�T>bK?[T'w�H�Y5�.d�_ H4�h��HKJUQR�eH^S�Tàw�9<b

b\T'm*k5QPHLk���9<;>=�T']���9I;>=0;a]IJ'JUHKOg9pTUQP]IS�bX]G�Cw�QR�<wDç O ��9<J\TUQR;KOPHLbK7
B�H^9<b'm�JUQPS���T'w�HNihQPH^ORk�]G����9<J\TUQR;KOPHLb{9Ib�9���m�S�;�TUQP]IS�]G��TUw�HX9Gna�
QR�Fm�T'w�9<O�9GS��IOPHCJUHKOg9pTUQP�IH{TU]�9X�<HKJUiØw�QR�<w:ç O T'JUQR�<�<H^J���9GJ'T'Qg;aORH<?
9×b\m�����JUH^bUb\QR]<S�o:9<bq��]<m�S*k�QRS���9<J\TUQR;KOPHLb�H^�XQ�T'T'H^k�]<S�T'w�He]<�5�
��]Ib'QPT'HØb'QRk5HY� � � �x7Þ�:w�QRbFb\m�����J'HLb'b'QR]<S¢o[9Ib8��]<m�S�k�TU]�k5HK��HKS*k
]IS¢T'w�HÞ9GnKQR�Fm�T'w�9<O 9GS��IOPHà]G�:T'w�HØT'JUQP�I�<HKJ��*9GJ'T'Qg;aORH^b`o�QPT'wDJUHa�
b'��H^;�TfT']FT'w�H{J'HL9<;�TUQP]IS���Og9GS�HG� � � �x7f�{S�H{b+TUJ'H^S��GTUw�]G��T'w�H8;K]<J'�
JUHKOg9pTUQP]IS�9GS*9GORihb'Qgb{Qgb{T'w�9GT�Q�T�Qgb{HLb'b'HKS�TUQR9<OPORi�b\H^O��±� S�]IJ'��9GORQRnKQRS��
QRS�TUw�H�b\H^S�b'H`T'w*9pT8T'w�HXJUH^b'm�O�T�k5]hH^b{S�]<TCk5H^�*H^S�k�]<S�9<Shi�9Ib+�
b'm��X�5TUQP]IS�bF9<�*]Im5T�T'w�H×b';^9GORQPS���]<�:T'w�HØ��J'QR��9GJUi���JU]5k5m�;�TUQP]IS
]<����9GJ'T'Qg;aORH^b^7��{S�H�;K9<S�QPS�T'H^J'��J'HKT�T'w�Qgb 9Ib 9Ik�k5QPT'QR]<S�9<O�b\m����*]IJ\T
��]IJ:T'w�H`;K]<S�;KOPm*b\QR]<S�b[TUw�9pT�9<J'HC��HKQRS���k5J>9�o�Sà��JU]<�ÜT'w�H`b'QPS��<ORH
�*9GJ'T'Qg;aORHCk�9pTU9�7
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¼�¢}8HK¡�©G;G7�� �
T'w�QRbfQPS�TUHKJU��J'HKTU9GT'QR]<S�Qgbf;K]<JUJ'HL;�T^?IQ�T:ORHKS�k�b[b'm�����]<J'T T']FT'w�H{��JUHa�
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QRS���9GJ'T'Qg;am�OR9<JNTUw�H�k5H^�*H^S�k5HKS*;aH�]<S�;aH^S�T'HKJ'� ]G�±� �X9Ib'bNHKS�HKJU�<i<?
9<J'HCk5Qgb';Km�bUb\HLk×QRSÞ�e]IJ'H�k5HKTU9<QPO�QRS�YhH^;aT^7���¡�|q7

|Sv ~p1#3¬�B/5Ç4Ë Ê�1�Åc19^7¿h\��¿h\�/�ÅBb�15ÌY2¯Æ�ÇGÊ$É¯Ê$Ì$Æ43�Ê
�.QP�Im�JUH,�#�[b'w�]po[H^kCTUw�9pTzT'w�HfTU]GT>9GO�;>w�9<J'�IH^k���9<J\TUQR;KOPH[�Fm�O�TUQ��

��OPQg;aQPT'QRH^b QPSXTUw�H�H7�6®{H)>�9GS�k�d�®8d b'i5b+TUHK��b�9GJUH��<H^J'ieb\QR�XQPOg9GJ
9GT�90�<QR�<H^S ;aH^SITUHKJ'�x]<�±�x��9Ib'bàHKS�H^J'�Ii<?qo�w�QRORH�TUw�]Ib'H���]IJ×�M®{�
9<J'HDb']<�XHKo�w*9pT�b\��9<OPORHKJL7 ��]�H4�h�*9GS�k3T'w�H�;a]<�X��9<J'Qgb']<S ]<�
TUw�H^b'HfT'w�JUHKH:�<H^J'i�k5Q'¥(HKJUHKS�T�b\i5b\T'HK��b^?pQ�T�QgbzQPS�TUHKJUH^b\T'QRS��qTU]C;K]<S5�
b'Qgk5HKJFT'w�Hà��m�OPO:k5Qgb+TUJ'QR��m5TUQP]IS�bN]G����b'HKm�k5]IJU9<��Qgk5Q�T+iI7��q]po[HK�IHKJL?
TUw�Qgb8b\T'm*k5i�QRbC;a]I�X��OPQg;K9GT'HLk��hi×TUw�HN�£9<;�T8T'w*9pT�TUw�HXb\w�9<�*HLb�]<�
TUw�H�dqm¯®8d�m1k�9pT>9��p9<J'i�k5J>9G��9GT'Qg;K9GORORiDo�Q�TUw ;KHKS�T'J>9GORQ�T+i ¤ 9<b
QgbC�X]Ib\TC;KOPHL9GJUOPi�H^�hQRk5H^S�TCQRS-�)QR��73����¥a7N�.QP�Im�JUH�� � ;K]<�X��9<J'HLb
Ø5Ù�§�Ú5ÛBØ#Ï�S�]<JU��9GORQPn^H^k��hi�T'w�HNShm��N�*H^J{]<����9GJ'T'Qg;aQR��9GS�T8��9GQRJUb
��]IJØTUw�H � � �X]�b+T�;aHKS�TUJU9<O{dqmM®8dqm ;K]<OROPQgb\QR]<S*b�T']0QPS�H^OR9Ib+TUQR;
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@ ��(,+Iò	ûGì0-zû�ê ë�èaé\è[þ^ÿ @ øAú#+Iò�ú[øAü�ü�û�þ	<�ù�ð�ý<é)øAù8é+ûIøAüc��èKü�ê ëIø��GøPë<ê�ë
ðB
�é+û�ê�è	��ê'ñ\è^úLê�ùGýIï8ð5êUñ�þKÿ�îhèañ�é+ø��>øAîhè^ùpé�î�è^øZñ+ü�ø�ùeê�è��\û�>êUùGé�ñ\è4�AøAé>

ð�øAùo+)í�
<ü é+ê>ï`èKé+ø��:ê'ñ�ñ+þ^ñ+üfèKñ+ê�ù�þKé�ü�û�þ	<�ùK+

k�9GTU9N��]<Jq�M®{�Þ9<S�k×T'w�H`k5Qgb\T'JUQP��m�T'QR]<S�]G�3Ø#Ù§�Ú#Û�Ø�� O ¤ b'HKH�k5HK�±�
QRS�Q�TUQP]ISàQRSÞd�����HKS�k5Q'�×6��<¥ QPS×T'w�H8H��6®{H�>¢k�9GTU9�� � «��x?�9<OPO�9GT:9
° ±h²U²1]<J ° ±e]G�7�&¡&¡à}8H^¡ �A«B�B�x7��:w�He�*]<T\TU]<� ��9<S�HKO.]G��TUw�H
���Im�J'H�k5H^�X]<S�b\T'J>9pTUH^b.T'w*9pT�T'w�H�OP]po[HKJzTU]GTU9<O5�Fm�OPT'QR��ORQR;KQ�T+iXb'HKHKS
QRSØ�¯®{�ØJUH^b'm�OPTUb ��J']I� 9`��b\H^m�k5]IJU9<��QRk�Q�T+iXk5Qgb+TUJ'QR��m5TUQP]IS�T'w�9GT[Qgb
b'm�����JUH^bUb\HLke��iNJ']Im��<w�OPiF9�;K]<S�b\TU9<S�T��£9<;�TU]<J�]p�IHKJ�9<OPO�H^�XQRbUb\QR]<S
9GS��<ORH^b^7z�:w�H,�*�<m�JUH�b\w�]poqb:9<�<JUHKHK�XH^SIT:QRS×TUw�H�]p�<H^JU9<OPO�J>9G��Qgkh�
QPT+iek5Qgb\T'JUQP��m�T'QR]<SX�*HKT+ofH^HKSØd�®8d&9GS�keH7�6®{H)> 7.��SØ;a]I�e�*9GJUQPS��
T'w�HFT+o[]×k5Qgb\T'JUQP��m�T'QR]<S�b^?�]<S�Heb\w�]<m�Ogk�=IHKHK��QPS��eQRS�k�T'w�HX;aH^S5�
T'J>9GORQPT+i0k5HK��HKS*k5HKS�;KH�QPS TUw�H�b\w*9G��H×��]IJØdqm¯®8d�m19<bXo[HKOROq9<b
T'w�H8k5Q'¥(HKJUHKS�;KH���HaT+o[HKHKS�Ø#ÙSÛBØ4� O 9<S�kSØ5ÙXÛ�Ø&Ï O 7�YhT'm�k5QRH^b[m�b\�
QRS��×��| �qY5|f� � �#� ��b\w�]po�T'w�9GT{��]IJ�TUw�QRbCk�9GTU9�?*TUw�HeH��hT'J>9<;aT'H^k
Ø5ÙXÛ�Ø�� O QRb�9<�*]Im5T ��¡ � OR9<J'�IHKJ`TUw�9GSÁØ5ÙXÛ�Ø&Ï O ��]<JYÎ � O Î6¨�¡
9GS*k×9<�*]Im5T)��¡ � b\��9<OPORHKJ:TUw�9GS�Ø#ÙSÛ�Ø&Ï O ��]<JGÎ � O Î&¨,�*7
�:w�H�b\QR�XQPOg9GJUQ�T+i�QRS×T'w�H�QRS�T'HK�IJU9GT'HLkØ�Fm�O�TUQP��ORQg;aQPT+ià9<b[o[HKORO�9<b

T'w�H[b'w�9G��H^b)]G�*��b\H^m�k5]IJU9<��QRk�Q�T+i�k5Qgb+TUJ'QR��m5TUQP]IS�b���]<J.H��6®{H)>�9GS�k
T'w�Hq�X]Ib\Tf;aH^SITUJU9<O�dqmM®8dqmàk�9GTU9�b'm��<�IH^b\TUbzTUw�9pT T'w�H^J'H�b'w�]Im�ORk
��HN9Øb'QP�XQROR9<J'QPT+iàQRS�TUw�HFH^�<]<ORm5TUQP]IS�]G�zT'w�HN�XQRkh� J>9G��Qgk5QPT+iÞk5H^S5�
b'Q�T+i×o�Q�TUw�;a]<ORORQRb'QP]IS×H^S�HKJU�<iI?�9GS�H4�h��H^;aTU9GT'QR]<SÞT'w�9GT�Qgb��<H^J'Q'��H^k
�hi-T'w�H�k�9GTU9 ¤ b'HKH��.QP�*77� � ¥a7��:w�QRbX9Ik�k5QPT'QR]<S�9<O:;KOP]�b\HÞ;a]IJ'JUHa�
b'�*]IS�k5HKS*;aHq��HaT+o[HKH^SXT'w�H{��J']I�*H^J\TUQPHLb�]G��;KHKS�T'J>9GO*dqm¯®8d�mà9GS�k
H��6®{H�>��Fm�O�TUQP��ORQg;aQPT+iàk�9pT>9Fb'm��<�IH^b\TUb T'w�9GTfTUw�HC9G�<JUHKH^�XHKS�T JUHa�
b'm�O�T>b.��J']I� b']<�XH:m�S�k5H^J'ORihQPS��{��H^9GT'm�JUH:]G����9GJ'T'Qg;aORH:��J']5k5m*;�T'QR]<S
9<bF]<����]Ib'H^k�TU]���HKQRS���9GS�9I;K;KQRk5H^S�TU9GOf;a]<QRS�;KQRk5H^S�;aHI7���S���9<J\�
T'Qg;am�OR9<J^?(9GS�m�S�k5HKJ>b\TU9GS*k5QPS��Ø]G��o�whiÞT'w�HXb'w�9G��H`]G��TUw�He��b\H^m5�
k5]IJU9<��QRk�Q�T+iàk�QRb\T'JUQP��m5T'QR]<SÞ��]<Jqd�m¯®8dqm�;K]<OROPQgb\QR]<S*b�9G����JU]I9I;>w�H^b
T'w*9pTq]G�.H��6®{H�>���]IJ[�X]IJ'H�;aH^S�T'J>9GO(QPS�TUHKJ>9<;�TUQP]IS�b[�XQP�IwIT���JU]p�<H
��9<J\TUQR;Km�OR9<J'ORi�HKS�OPQR�<w�T'H^S�QRS���7
�:w�H`9GJU�<m��XH^SIT>b[��J'HLb\H^S�T'H^k×QRS�Y5H^;�TL7���¡�dt;K]<S�;KHKJUS�QPS��FTU]G�

TU9<O�;>w�9GJU�<HLk���9GJ'T'Qg;aORH��Nm�OPT'QR��OPQg;aQPT'QRH^b�b'w�]Im�ORk S�]GT���H�QRS�T'HKJ'�
��JUHaTUH^k�TU]àQR�e��OPi�TUw�9pTC9GORO)]I��b\H^J'�p9<��OPHLb�QRS�d�®8d o�QPOROz��9pTU;>w
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@ ��(,+(òYoGì�-zû�ê{ï`è^øAù�îhèKù�ê$��ü�ûIþ�<�üfé+û�ê�ëIøAü é�ñ+øAð�ý<é+ø�þ^ù�ü:þKÿ.îIü�ê>ýhë<þ�%
ñ\è^î�ø�ë<øAé>
NëIê>ùIü�øAé+øAê>ü�þKÿU�'û�èKñ+ú^ê�ëeîhèañ�é+ø��$�Aê>üfêUï�øAé�é+ê>ëFøAù�ë5�"�fýG�>þ����AøA%
ü�ø�þ^ù�üo<�øAé+û ê ë ²U² ì ô^õ^õ7([ê$*�èaéM�^èKñ+øAþLýIü¯�>êUùGé�ñ\è4�AøAé+øAê>ü.æ±ü�ê>ê @ øAú#+Lò�úL÷
ëIø��GøPë<ê�ë�ðB
Cé+û�êfëIøAü é�ñ+øAð�ý<é+ø�þ^ùFÿRþ^ñ�øAùIê$��è^ü é+ø��[�N7�GNG�>þ����AøAü�ø�þ^ù�üfèKé)é+û�ê
ü+è^ï�ê�ê>ùIêUñ+ú�
£í Mhú4ðÕ+ -zû�êØî5þLü�øZé+ø���ê�î�ü�êUýhëIþKñ\è^îIøPë<øZéE
¢ëIøZñ+ê$�Ué+øAþLù¢ø�ü
é+ûhèKé`þKÿ�é+û�êØë<ê>ýIé+êUñ+þ^ùK+£�.ê>ùpé�ñ\è4��øZé+øAê>üeèKñ+êX��è^ð5ê$�Aê�ë-ðB
�é+û�êNÿRñ\è��\%
é+ø�þ^ù×þKÿzé+þ^é\è4��ø�ùIê$��è^ü é+ø��;�Uñ+þ^ü�ü�ü�ê$�Ué+øAþLù�øAùàê�è��\ûÞðIøAù*óP<�øZé+ûÞü�ï`è����AêUñ
ù<ýIï8ð5êUñ+ü8ð5ê>øAù�ú�ï�þKñ+ê:�>ê>ùpé�ñ\è���+£-zû�êX�Aþ	<zê'ñXèKùhë¢ýIî�î5êUñFèañ�ñ+þ�<�ü
þLùØé+û�êqñ+ø�ú^ûpé�ü�û�þ	<�é+ûIêCè	��êUñ\èKúLê8ùGýIï8ð5êUñfþ^ÿ.îhèKñ�é+ø��>øAî�è^ùpé+ü:øAù�é+û�ê
ëIê>ý<é+êUñ+þLù�ÿgþKñ�é+û�êFï�þLü é�î5ê'ñ+ø�îIû�êUñ\è4��æ®MLõY©hò�õ^õhÖC÷�èKùhë�ï�þLü é;�Uê>ù#%
é�ñ\è���æ�õO©<ôKõhÖC÷�ð�øAù�ó.ñ+ê>ü�î5ê$�'é+ø��Lê$�A
B+W-zû�ê�øAù�ü�êUéFü�ûIþ�<�ü�é+ûIê:�Lè4�Aý�ê>ü
è��LêUñ\è^ú^ê�ëNþ���êUñzü�ê$��êUñ\è4��ðIøAù�ü�øAùNùIê>ú�èaé+ø���ê:î�ü�êUýhëIþKñ\è^îIøPë<øZéE
`î5�AþKé�é+ê�ë
��êUñ+ü�ý�ü�é+û�ê�è	��êUñ\èKúLê{ù<ýIï8ð5êUñ�þKÿ.î�èKñ�é+ø��>øAîhèKùpé+ü[øAùXé+û�ê,�fýXùGý#�$�Aê>ý�ü
ÿgþ^ñ ê�è4�'û�>ê>ùpé�ñ\è��AøZéE
Nð�øAùK+

TUw�]Ib'H�QPS �¯®{��9pTØ9��£9<;aT']<J�]<��T+o[]�w�QP�Iw�HKJ ° ±I71�:w�H��eQgkh�
J>9G��QRk5QPT+i0�*9GJ'T'Qg;aORH�k5HKS*b\QPT'QRH^b×��JU]p��Qgk5H�9<S1QPS�b\T'JUm�;aT'QR�<H�;K]<m�S5�
TUHKJUH���9G�X��ORH<7 YhQRS�;aH�T'w�H-bU9G�XH�T']<TU9<O8Shm��N�*H^J×]<�`��9GJ'T'Qg;aORH^b
QRS1�¯®{�&9GTà9Dw�QR�<w�H^J ° ±�9<J'H�k5Qgb\T'JUQP��m�T'H^k�]p�IHKJØ9D��J']�9<k5H^J
J>9GS��<HC]G����b'HKm�k�]<J>9G��Qgk5QPT+i ¤ b'HKHI?���]IJ�H���9<�e��OPHI?5T'w�HNOPHK�±T���9<S�HKO
]<�{�.QP�*76�!��¥�? 9��£9<;aT']<JX]<�qT+of]-b'w�Q��±T�QRS0TUw�H��¯®{��;aHKS�TUHKJ'�x]<�±�
��9Ib'bzH^S�HKJU�<i`]I�h��QR]<m*b\ORiF;K9<S�S�]<T�J'HLb\m�OPT�QPS��XQgkh� JU9<��QRk�Q�T+iFk�HKS5�
b'QPT'QRH^b�H��Im*9GO�TU]�T'w�]�b\H��XHL9<b'm�J'HLkÞQPS�d�®8d`7*d�S�H���9G�XQRS�9pTUQP]IS
]<���.QP�*7K� � J'H^�<HL9GOgb�T'w*9pT TUw�HCk�9pT>9`;a]IS!��JU� TUw�Qgb H4�h��H^;aTU9GT'QR]<S�7
d ORH^bUbCT'JUQP�hQg9GO�;K]<m�S�T'H^J'H4��9G�X��ORHeQgb�QROPORm�b\T'J>9pTUH^k¢QPSD�.QR��7c�&¡

o�w�QR;>w�b'w�]poqb[JU9GT'QR]Ib:]G�.T'w�H�i�QRHKOgk�b�]<�z9<S�T'QR��J']<T']IS�b[]p�<HKJ:��JU]G�
TU]<S�b:H^�XQ�T'T'H^kÞS�HL9GJ:�XQRk5�xJ>9G��Qgk5QPT+iØQRSÞ� ¤_�ç�¥�®{�Þ9<S�kÞd�®8dt;a]IO��
ORQgb\QR]<S�bF9<bF9Þ��m�S�;�TUQP]IS�]G�,° ± ²U² 7��:w�HØJ>9pTUQP]�bC��]<JFk¯®8dqm�9pT
° ± ²U² Ü��&¡&¡Ø}8H^¡ ¤ k5Qgb';Km�b'b'H^k�QPS-YhH^;aT^7(�\�56 �N9GS*k�b'w�]po�S�QRS
�.QR��73�<¥F9GJUHà;a]IS�b\Qgb\T'HKS�TFo�QPT'w0T'w�H×�p9GORm�H×b'w�]po�S�]IS-T'w�H����G�
m�J'HX��]IJ`�¯®{��7�d�bFk5QRbU;am*b'b'H^k-QRS0YhH^;aT'QR]<S-�\��68?)T'w�HàJ'H^OPH^��9<S�T
��w�i5b'QR;^b���]IJ)m�S*k5HKJ>b+T>9GS�k�QPS��qT'w�Qgb.JU9GT'QR]qQPSh�I]<OR�<H^b�T'w�HfQPS�T'H^J'��OR9�i
]<����9<J'iI]<S�TUJU9<S�b\��]<J'T.9<S�kF9<S�T'QR��9GJUi<]IS5�x�*9GJUi<]<SC��9<QPJz;aJUH^9GT'QR]<S�7
��S`T'w�Qgb);^9<b'H<?LQPSN;a]<S�TUJU9Ib+T�TU]�T'w�Hfb'Q�TUm�9pTUQP]IS���]<J)��9GJ'T'Qg;aORH��Fm�O�TUQ��
��OPQg;aQPT'QRH^b^?IQPT Qgb�;aORH^9<J�T'w*9pT�TUw�HqJ>9pT'QR]Ib���]<J�TUw�HqShm�;aORHKm*b+� Shm�;aORHKm�b
k�9pTU9D9<J'H�;K]<�X��9GJ>9G��OPHÞT']�T'w�]�b\H�QRS1Shm�;aORHK]IS5�xShm�;KOPH^]<S�;a]IOPORQ��
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@ ��(,+IòYMGì0-zû�êÒñ�ò�õ�ñB÷ O ëIøAü é�ñ+øAð�ý<é+ø�þ^ù8ÿgþKñF�\ûhèañ+úLê�ëCî�èKñ�é+ø��$�Aê>ü�ê>ï�øZé�%
é+ê�ëqøAù8ê�HU�[ê�I��>þ����AøAü�øAþLùIü)øAüU�>þ^ï�îhèKñ+ê>ëqé+þ é+û�êÓñ�ò�õ4ñBöqë<ø�ü é�ñ+øAðIýIé+øAþLù
ÿgþKñÒ�'û�èKñ+ú^ê�ëFî�èKñ�é+ø��$�Aê>üzêUï�øAé�é+ê>ë`î��[îFè^ùhëCé+ûIê[ù�þKñ+ï`è��Aø�_>ê�ë;ñ�ò�õ�ñBö
ëIøAü é�ñ+øAð�ý<é+øAþLù8ÿRþ^ñc�'û�èKñ+úLê>ë8îhèañ�é+ø�����êUü)ê>ï�øZé�é+ê�ë�øAù8é+û�êÒï�Ö ï�þLü é=�>ê>ù&%
é�ñ\è��K�fý��"�fýG�>þ����AøAü�øAþLù�ü$+F������é+ûIñ+ê>ê�ü8
<ü é+ê>ï�ü�èañ+êqèKé ê ë ²U² þKñ ê ë
þ^ÿ)ôKõLõ)([ê$*�+5�lùNé+ûIê�ð5þ^é�é+þLïtî�è^ùIê$�±óIé+ûIê/�fý!�"� ýeèKùhëFî!�[îXëIèKé\è
èKñ+ê�ð5þKé+ûXü�û�þ	<�ùeëIø��GøPë<ê�ëNðB
Nè0�Ié�é+þ8é+û�ê[ÿRþ^ñ+ï�êUñ	+
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rqsEs[?)JUH���m�QRJUH^b8T'w�HØH��5��ORQR;KQ�T`m*b\H�]<��9��M®{�¢JUHa��H^J'H^S�;aH�b'�*HL;��
TUJ'm��Þ7 ��S&ORQP�IwIT×]G��T'w�H¢k5QgbU;am�bUb\QR]<S1��J'HLb\H^SITUH^k19<�*]p�IH<?�]<S�H
�XQR�<w�T.;K]<S�b'Qgk5HKJz;a]I�e�*9GJUQPS��{dqm¯®8d�m`T'J>9GS*b\�IHKJ>b\H��X]<�XH^SITUm��
b'��H^;�TUJU9qT']{T'w�]�b\HfH��hT'J>9<;aT'HLkC��J']I�t�¯®{�F;K]<OROPQgb\QR]<S*b)9GTz9�w�QP�Iw�HKJ
;K]<OROPQgb'QP]IS1HKS�H^J'�Ii<7 d�O�TUHKJUS�9pTUQP�IHKORi<?q�¯®{�3k�9pT>9�9pT×T'w�H-b'9<�XH
H^S�HKJU�<iI?���m5TF��]<J�HK�IHKS�TUbFb\H^OPHL;�T'HLk�T']�w�9��IHe9<S-9��IHKJ>9G�IHF�Fm�O��
TUQP��OPQg;aQPT+i���9GTU;>w�QRS��-T'w�H��Fm�O�TUQP��ORQg;aQPT+i���HKJ×��9GJ'T'Qg;aQR��9GS�TØ��9<QPJ
QRSDd�®8dF?);a]Im�Ogk���HØm�b'H^k�7×d[T ° ±Ø�p9<OPm�HLb�]G�/��¡#¡�}8HK¡ 9GS*k
9<�*]p�IH<?�QPT{Qgb{=�S�]po�S�T'w�9GT�HKQPT'w�H^J{]<�zT'w�HLb\He;>w�]<Qg;aHLb�J'HLb\m�O�T>bqQRS
9´ç O b'�*HL;�TUJ'm�� TUw�9pTe�£9GORORbN]�¥�ORH^bUbNb\T'H^HK��ORi¼� �#� �¯��¡P�$� 7��{S�H
b'w�]Im�ORkØ=<HKH^��T'w�H^b'H{9G�N��QR�<m�QPT'QRH^b QPS×�eQRS�kào�w�HKSØQRS�T'H^J'��JUHaTUQPS��
k�9pTU9`��]<J�rqsEs-]<J�_ � �@�!���sEs 7��:w�HLb\H{QRbUb'm�H^b:k5]eS�]GT�9B¥(H^;aT[�X]5kh�
Q'�*;^9pT'QR]<S��£9<;aT']IJUbCb'm�;>w�9Ibµr ���@�S���¶�· o�w�Qg;>w¢;K]<�X��9<J'HXd�®8d 9pT
k�Q�¥(HKJUHKS�Tq;aH^SITUJU9<OPQPT'QRH^b^7
���[;K]<m�J>b'H<?(��]<JC�IHKJUi��*H^J'QR��w�H^JU9<O�d�®8d ;a]IOPORQRb'QR]<S�b^?�9GORO�]<�5�

b'HKJU�p9G��ORH^b{�Fm*b+T�HK�I]<OR�<HFT']���9pTU;>w�T'w�]Ib'HNQRS��M®{� ¤ ]<JL?(T']��*H
H4��9<;�TL?�T'w�HX9G����J']I��J'Qg9pTUH��XQ���]<���¯®{��?��¯®{S�?�9<S�k�S¯®{S*¥{;a]IO��
ORQgb\QR]<S�b�9GTCT'w�H�bU9G�XH ° ±I7��:w�HØ;Km�J'JUHKS�T�y �C�86��CY�9GS*9GORihb'Qgb
]<�Cd�m¯®8dqm1;K]<OROPQgb\QR]<S*beT+i���QR;^9GOROPi0b'��9<S�b�9-JU9<S��<HÞ]G�CQR�e�*9<;�T
�*9GJ>9G�XHaTUHKJ>b`;a]IJ'JUH^b'�*]IS�k5QRS���T']�9��p9GJUQR9GT'QR]<SDQRSDT'w�HÞ9��<H^JU9<�<H
Shm��N�*H^Jq]G�z��9<J\TUQR;KQP��9<S�TUb:QRS�;KHKS�T'J>9GORQPT+iØ��QRS�b�]G�z�X]<JUH8T'w�9<S�9
�£9I;�TU]<J.]G�¯�h����?�Qx7 HI7���J']I�tJ']Im��<w�OPi;�&¡�m��`TU]��5��¡�]<Jz�X]<JUH<7z�{S�H
JUHK��9<J'=p9G��OPH:9<b'�*HL;�T�]G�*T'w�Qgb���JU]I9IkNk�9pTU9Cb'HaT�Qgb.T'w�9GT^?<]p�IHKJ.T'w�QRb
J>9GS��<H<?(TUw�HeT']<TU9GO��*9GJ'T'Qg;aORHN�Nm�O�TUQP��OPQg;aQPT+i�k5H^�hQR9GT'H^bC�IHKJUi�OPQPT\TUOPH
��JU]<� QPTUbF;KHKS�T'J>9GO ��9<OPm�HØo�w�HKS�b\m�QPTU9<��ORi�S�]IJ'��9<OPQRnKHLk��hi�T'w�H
Shm��N�*H^Jà]<�C�*9GJ'T'Qg;aQR��9GS�TUb ¤ b'HKH��.QR��7����I¥�7	�:w�H�S�]<JU�X9<OPQRnKHLk
�*b\H^m�k5]<J>9G��QRk5QPT+i�k5HKS*b\QPT+i�S�H^9<J{�XQgkh� JU9<��QRk�Q�T+i�k5]hHLb{�p9<J'i�9GS*k
Qgb[T'H^S�k5QRS��eT']po:9GJ>k�b T'w�HC�¯®{�Þ�p9GORm�H{��m5TqQRb�b\T'QRORO(�£9GJ�9G��]p�<H8Q�T
��]IJ.T'w�H��X]Ib\Tz�*H^J'QR��w�H^JU9<O�;a]<ORORQRb'QP]IS�b.b+TUm�k5QRH^kNT']�k�9GT'H ¤ b'HKH�k5Qgb+�
;Km�bUb\QR]<S�QRS�YhH^;aT^7*��¡���¥�7q�:w�Heb\w�9<�*HN9GS�k���9G�IS�QPT'm�k5HF]G�zT'w�H
TUJU9<S�b'�<HKJ>b'HÞ�X]I�eH^S�T'm�� k5Qgb+TUJ'QR��m5TUQP]IS�bà9<ORb']D�p9GJUi���m�T×]<S�OPi
b'ORQP�IwITUOPiÞ9GS�k×TUw�HKi�b\w�]po3ORQ�T'T'ORHFb'QP�ISÞ]<�)TUHKS�k�QPS��ØT']po:9GJ>k�b[T'w�H
�M®{� k5Qgb\T'JUQP��m�T'QR]<S ¤ b'HKH��)QR��7 � ¥�7&�{S�H�;K9<S�b'�*HL;am�Og9pTUH×TUw�9pT
TUw�H^b'H�k5H^��Qg9pTUQP]IS�b���HaT+o[HKHKS���HKJUQP��w�HKJ>9GO`d�m¯®8dqmt9GS*k3�M®{�
;K]<OROPQgb'QP]IS�bq�XQR�<w�T8JUH^b'm�OPT���JU]<� T'w�HF�£9I;�T8T'w�9GT{TUw�HNShm��N�*H^J{]<�
;K]<OROPQgb'QP]IS�b���HKJe��9GJ'T'Qg;aQR��9GS�T ¤ ]<JFT'w�Hà��JU9I;�T'QR]<SD]<��T'w�H×��9GJ'T'Qg;��
QR��9<SIT>b8T'w�9GTN9GJUHX�Fm�OPT'QR��ORi�b\T'JUm�;>=�¥{J'Qgb\HLbCH��hT'JUHK�XH^OPi�JU9<��QRk�OPi
o�QPT'wØk�H^;aJUH^9Ib\QRS��CQR�e�*9<;�T��*9GJ>9G�XHaTUHKJz��]<J�T'w�HLb\Hq�X]�b+T��IJU9<nKQRS��
;K]<OROPQgb'QP]IS�b ¤ YhH^H`dq����HKS�k�Q���6Y��9GS*kÞ�.QR��7P�#�I¥�7
��S�b'm��X��9GJUi<?�TUw�HKJUHF��9�iÞS�]GT{�*HX9Øb'QPS��IOPHNk�9pT>9Øb\HKT^?�b'm�;>w



� � � ��� � � � ��� � � � ��� � �

-6 -4 -2 0 2
η-ybeam

0

1

2

3

4

5
dN

/d
η

23.6 GeV
30.8    "
45.2    "
53.2    "
62.8    "
53       "
200     "
546     "
900     "

-6 -4 -2 0 2
yT-yjet

0

1

2

3

4

5

dN
/d

y T

14 GeV
22    "
35    "
55    "
91    "
133  "
161  "
172  "
183  "

Alner et al. Z. Phys C33, 1 (1986)  pp inel
Thome et al, NPB129, 365 (1977)  pp inel

@ ��(,+�ôpòLì�æÕ��êUÿRé/.�èKù�ê$�P÷[ç:øAü é�ñ+øAð�ý<é+øAþLù�ü�þKÿzîIü�ê>ýhë<þ^ñ\è^îIø�ëIøZéE
àë<ê>ù�ü�øZéE
ØþKÿF�\ûhèañ+úLê�ëàîhèKñ�é+ø��$�Aê>ü�êUï�øAé�é+ê>ëàøAùàî�æ@�N5÷��[î´�>þ����AøAü�øAþLùIü8èaéqèFñ\èKù�úLê8þ^ÿ
ê>ùIêUñ+úLøAê>ü3��ê'ñ+ü�ý�ü)é+ûIê7�^èKñ+ø�è^ð#�Aê7ö & ÷�¸�¹ W � +�æ�� øAúLûpé3.�èKù�ê$�P÷zíGøAï�ø���èañ�ë�èaé\èqÿRþ^ñ�î�èKñ�é+ø��$�Aê>ü�ê>ï�øZé�é+ê�ë`è��Aþ^ù�ú{é+ûIê�NxêUé�è�9IøAüzøAùNè^ù`ê�H0�[ê�I´�>þ����AøAü�øAþLù��êUñ+ü�ýIü.é+û�ê7�Lèañ+øPèKð5�Aê"÷hO & ÷Yº ¹ Z óIëIê@��ù�ê�ë�øAù:� î�î5ê>ù�ëIøA9)�Nô�+=�xùFð5þ^é+ûG��èKü�ê>ü>ó#<�ûIê>ùeê\L�ê$�Ué+ø���ê$�A
)�GøAê�<zê�ëFøAùNé+û�ê�Zlé\èañ+úLêUé^]8ñ+êUü é�ÿRñ\è^ï�ê^ó<é+ûIê>ü�ê�>þ����AøAü�øAþLùIü[ê�9<û�øAðIøAéÒ�Aþ^ù�úLøZé+ý�ëIøAùhè4��ü���è4��øAùIú�æ±ê>ù�êUñ+ú4
Fø�ù�ëIê>î5êUùhëIêUù5�>êa÷\+

9<b[�¯®{�Þk�9pT>9N9GT:T'w�H�bU9G�XH�]IJ:9ek5Q'¥�H^J'H^S�T�° ±h²U²�?ho�w�Qg;>w�;K9GS
b'HKJU�<H�9<bØ9<S�Qgk5H^9<OS�\JUHa��H^J'H^S�;aH���b'HaTX��]IJà;>w�9GJ>9<;aT'H^J'QRnKQRS���TUw�H
;a]I�X��OPHKT'H¢k5ihS�9G�XQg;KbØ]<�`d�®8d QRS�T'H^JU9I;�T'QR]<S*bK7t��S�b\T'HL9<k�?:TUw�H
��JU]<��HKJ'T'QRH^bf]G�)9F��JU]I9<kØJU9<S��<Hq]<�)b'ihb\T'H^��bfb'w�]<m�ORkà�*HCb+TUm�k5QRH^k
]p�<H^Jq9XJU9<S��<HC]<�zH^S�HKJU�<QRH^b�9<S�k�;aH^SITUJU9<OPQPT'QRH^b�T']ØH^OPm�;KQRk�9pT'HCTUw�H
b'QP�XQROR9<J'QPT'QRH^b�9<S�kCk5Q'¥�H^J'H^S�;aHLb�9G�X]IS��[T'w�H^�Þ7z�:w�Qgb�b'w�]<m�OgkCORH^9<k
T']X9`�X]IJ'H8;a]<�X��ORHaTUH{m�S�k5HKJ>b\TU9GS*k5QPS��F]G��T'w�HCb'9<OPQRHKS�Tf��H^9pTUm�JUH^b
]G�.T'w�H�m�S�k5H^J'ORihQPS��X��whi5b'QR;^bK7
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�:w�QRb b\HL;�T'QR]<SXk5HLb';KJ'QR�*HLb�b\H^�<H^JU9<OI��HL9pTUm�J'HLbz]G�*T'w�H���b'HKm*k5]<J>9p�
��Qgk5QPT+iØk5HK��HKS�k�HKS�;KH8]<��]<�*b\H^J'�p9G��OPHLb�QRS×9N��9<J'QRHaT+iX]<�)b\i5b\T'H^�Xb^7
��S���9<J\TUQR;Km�OR9<J^?GT'w�Hqk5Qgb\T'JUQP��m�T'QR]<S�b ]G�(��9GJ'T'Qg;aORH�ihQPH^ORkX9GS*kNH^OPORQR�5�
T'Qg;�¶�]po 9GJUHq��]Im�S�kàT']e�*H8Og9GJU�<HKORiXQPS*k5HK��HKS�k�HKS�T�]G�);KHKS�T'H^J\� ]G�±�
��9<bUb[HKS�H^J'�Ii�]p�<HKJ:9N��J']�9<kàJ'H^�<QR]<Sà]<�)��b'HKm*k5]<J>9G��Qgk5QPT+iXo�w�HKS
�hQPH^ofHLkØQRSàTUw�HCJ'HLb+T[��J>9G�XHC]G��]IS�H{]<��TUw�H�;a]<ORORQRk5QRS��e��9GJ'T'Qg;aORH^b^7
��S×9Ik�k5QPT'QR]<S�?hS�]eHK�hQgk5HKS*;aH8QRbf��]<m�S�k���]IJ[9N��JU]I9<kØJ'H^�<QR]<S�S�HL9GJ
�XQRk5�xJ>9G��Qgk5QPT+iFk5Qgb\��OR9�ihQRS���TUw�Hq;>w�9<JU9I;�T'H^J'Qgb\T'Qg;Kb)H��5�*HL;�TUH^kN��]<J�9
��]�]�b+T'�xQRSh�p9GJUQR9<SIT�bU;aHKS*9GJUQP]*7
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À ²�¬'Û`¬'«�¯£®K¨'µ`À�µKÌ+¯l¬'Û8Ì

6[Ha��]IJ'H:;a]IS�b\Qgk5H^J'QRS��qTUw�H�HKS�HKJU�<i`k5H^�*H^S�k5HKS*;aH:]G����b\H^m�k5]IJU9G�
��QRk5QPT+i�k5Qgb+TUJ'QR��m5TUQP]IS�b{QPS�w�H^9��hi�QP]IS�;a]IOPORQgb\QR]<S�b^?(Q�TCQgb{QRS�b\T'JUm�;��
TUQP�IH8T']XJ'H^�hQPH^o1T'w�H�H4�hT'HKS*b\QR�<HCw�Qgb+TU]<JUi�]G�.OPQPT'H^JU9GT'm�JUH�k5HK�I]GT'HLk
TU]�QRS�T'H^J'��JUHaT>9pTUQP]IS�bF]<�+?f9<S�k�H4�h��H^;aTU9GT'QR]<S�bN��]<JL? b'm�;>w�k�QRb\T'JUQ��
��m5T'QR]<S�bàQPS&b'QR�e��OPH^Jàb\i5b\T'H^�Xb^7�d �<H^J'i��IHKS�H^JU9<Oq��Qg;�TUm�J'H�]<�
H^OPH^�XHKS�TU9<J'iØw*9<k5JU]<S5� w�9Ik5J']ISà;a]IOPORQgb\QR]<S�b:H^�XHKJU�<H^k×QRS×TUw�H�Og9pT'H
� � �#¡H¡ bK?�;a]IS�b'QRb\T'QRS���]G�fT+of]�b']<m�J>;aHLb{]<�[�*9GJ'T'Qg;aORHN��JU]5k5m�;aT'QR]<S�7
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Saturation Model
Hijing (1.35)
Two-Component Fit

19.6 GeV

200 GeV
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2.4 Saturation Model
Hijing (1.35)
Two-Component Fit

 (Au+Au)200/19.6R
 (p+p)200/19.6R
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 = 200 GeVNNs = 42mb - NNσ
 = 130 GeVNNs = 41mb - NNσ
 = 62.4 GeVNNs = 36mb - NNσ
 = 19.6 GeVNNs = 33mb - NNσ
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b\T'm*k5QPHLb�JUH���m�QRJ'QRS���9�;aHKS�TUJU9<OPQPT+i�k5H4��S�QPT'QR]<S�7×��S�TUw�H^b'HØ;K9Ib\HLbK?
m�S�OPQR=<H:dqmM®8dqmX;a]<ORORQRb'QP]IS�b^?�T'w�H�;aH^S�T'J>9GORQ�T+i�k5HKT'HKJU�XQPS*9pT'QR]<SN��]<J
k¯®8dqm�;K]<OROPQgb'QP]IS�b�o:9<b���]<m�S�k�TU]×��Heb\T'JU]<S��<ORi�k�HK��HKS�k5H^S�T8]IS
TUw�H�;>w�]<Qg;aH�]<�C��w�9<b'Ha��b\�*9<;aH�J'H^�<QR]<S�m5T'QRORQPn^H^k1QRS1T'w�H�9GS*9GORiI�
b'QgbK7��:w�Qgb��£9I;�TFQgb`QROPORm�b\T'J>9pTUH^k-o�QPT'w0B�u b'QP�Nm�Og9pT'HLkDk�9pT>9�QRS
�.QR��7K�5�5?�o�w�HKJUH`b+TUJ']IS��Ø9Gm�T']G��;a]IJ'JUHKOg9pTUQP]ISà��Qg9<b'H^b�9GJUH`b\H^HKS�QRS
TUw�H�JUH^;K]<S�b\T'JUm�;aT'H^k ��b'HKm*k5]<J>9G��Qgk5QPT+i k�QRb\T'JUQP��m5T'QR]<S�bØ��]<J×��]<m�J
]<�)TUw�H;���IH`k5Q'¥�H^J'H^SIT�;KHKS�T'J>9GORQPT+ià�XHaTUw�]5k�b�H��5��OR]<JUH^k�7[Yh��H^;KQ��±�
Qg;K9<OPORi�9-b\m�����JUH^bUb\QR]<S�]G�{�XQgkh� JU9<��QRk�Q�T+iDihQRHKOgk�b ¤ Î Ï0Îim �I¥NQRS
TUw�HDJUH^;a]IS�b\T'JUm�;�TUH^k b'��H^;�TUJ'm�� ��]<J���HKJUQR��w�HKJ>9GO`;K]<OROPQgb'QP]IS�bÞQRb
]I��b'HKJU�<H^kÞ�.QP�*7P�5�<9�7[�:w�H�H���9<;aTq]<����]Ib'QPT'H�H�¥(H^;aT�Qgbq]<�*b\H^J'�IH^k
��]IJ×;KHKS�T'J>9GOC;a]IOPORQRb'QR]<S�b^?�Ql7 H<7[HKS�w�9GS�;KHK�XHKS�T�9pT×�XQgkh� JU9<��QRk�Q�T+i
¤ �.QP�*73�5�p��¥�70�:w�Qgb�b\T'm�k5i0m5T'QROPQRnKHLk��*�<H�k5Q�¥(HKJUHKS�TØ;aH^S�T'J>9GORQ�T+i
k�H���S�QPT'QR]<S*b[T'w�9GT:HL9<;>wÞ;a]p�<H^J'HLkØk5Q'¥�H^J'H^S�T:JUHK�IQP]IS�bf]G�)�*b\H^m�k5]G�
J>9G��QRk5QPT+i,+�T'w�Hq�8;�T>9G�I]<S`k5HKT'H^;aT']IJ ¤ üO|c§Eä � Î Ï0Î!Ð �Hn ¡I¥�?�TUw�Hf_qQPS��k�HaT'HL;�TU]<J>b ¤ ü~}EÁ �C� � �Hn ¡ Ð Î ÏUÎ3Ð �Hn �h¥�?)T'w�Hà;K]<�N��QPS�H^k-;a]p�IHKJ'�9<�<Hq]<�.�8;�T>9G�<]IS�9GS�kØ_qQPS���b ¤ ü C ý^ä � Î Ï0Î!ÐÁ�#n ��¥�?IT'w�H8k5H^m5T'H^J']ISk�QPJUH^;aT'QR]<S ¤ üp}�� � � � ¡HnA��ÐþÏ�Ð×�#n ��¥q9<S�k�TUw�HX�<]<Ogk�k5QRJUH^;�TUQP]IS¤ üis � � � � � 
��#n �´Ð¾ÏYÐ«
/¡zn �I¥�7q6[]GTUw��q�+�I�+�{} 9<S�k�d�B�yf�
�*9<b'H^k�B�u b'QR�Fm�Og9pTUQP]IS�bFQRS�k5Qg;K9GT'HLkDT'w*9pTe9�;aH^SITUJU9<OPQPT+i-�XH^9p�
b'm�JUHF��9Ib\HLk�]<S�TUw�HXb\QR�<S�9<ORb�QPS�T'w�HX_�QRS��×;K]<m�S�TUHKJ>bq��JU]p�hQRk5HLk
TUw�H�ORH^9<b\T���Qg9<b:]<S×T'w�H��eHL9<b'm�JUHK�XHKS�T^7
d�k�k5Q�TUQP]IS�9GO�b'm�����]<J'T×��]IJ�m�b\QRS���T'w�HDB�u%��9<b'H^k3b\QR�Fm�Og9p�

TUQP]IS�b×T']1b'HKORH^;�TÞT'w�H¢��H^b\T�;aH^SITUJU9<OPQPT+i��XH^9<b'm�JUH�QgbÞ�<QR�<H^S QRS
�.QR��7Ó�#��7�_q9pTUQP]�b`]<��T'w�H×J'HL;a]<S*b+TUJ'm�;aT'HLkDØ#Ù§�Ú#ÛBØ#ÏDk5Qgb+TUJ'QR��m5�
TUQP]IS�bC]<��TU9GQRS�HLk���JU]<� ��]Im�J`;aH^SITUJU9<OPQPT+i��XH^9Ib\m�JUH^b{JUHKOg9pT'QR�<HNT']
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@ ��(,+IöhïGì æ � 1"- ��ì#�fè��\û�ø�ë)<�ø�����ï`è���ê:è{ù�ê\<°��úLý<ñ+ê:þ^ÿ(é+ûIøAü\÷Ó�[è�%
é+øAþLü�þ^ÿ�ñ+ê$�>þLùIü é�ñ+ý5�Ué+ê>ë8ë � ó�ôhõ�ñBö�ëIøAü é�ñ+øAð�ýIé+øAþ^ù�ü�ÿgþKñ)ð5þKé+û{ç:èKé\è:èKùhë
�X�3ü�øAï8ý#��èKé+øAþLùIü8ý�ü�øAùIúÞë<ø�L�ê'ñ+ê>ùpé��>êUùGé�ñ\è4�AøAé>
�ï�ê�èKü�ýIñ+ê>ü>ó�ê�è4�'û�þ^ÿ
<�û�ø��\ûeøAü�ü�ê$�Aê$�Ué+øAùIú8þLùFé+û�êfü+è^ï�ê[î5ê'ñ^�>ê>ùpé+ø���ê[þ^ÿU�>êUùGé�ñ\è4�P�>þ����AøAü�ø�þ^ù�ü$+-zû�ê[úLþpþGëXèKú^ñ+ê>ê>ï�êUùGé�øAùFé+û�ê>ü�ê[ñ\èaé+øAþLü úLø���ê>ü3�>þ^ù4�hëIê>ù#�>ê[é+ûhèaé�é+û�ê
�X��ü�øAï8ý#��èKé+øAþLùIüzèKñ+ê îIñ+þ��Gø�ëIøAù�úqè�ú^þpþGëFð�è^ü�øAüzþLù;<�ûIø��\ûCé+þqü é+ýhë�

é+û�ê�ê�L�ê��Ué+ü.þKÿ*ðIø�è^ü�ê>üc�Uñ+ê�èKé+ê>ë`øAùCé+ûIêfëIèKé\è:é+ûhèaé)ñ+êUü�ý5�Zé.ÿPñ+þLï ý�ü�øAù�ú
ëIøAL�êUñ+êUùGé.ñ+ê>úLøAþLùIü�þ^ÿ�îIü�ê>ýhë<þ^ñ\è^îIø�ëIøZéE
�ÿRþ^ñ�é+û�ê"�Uê>ùpé�ñ\è��AøZéE
NëIêUé+ê'ñ+ï�ø�%
ùhèaé+øAþLùK+

T'w*9pT�]I�5TU9<QPS�HLkCm�b'QPS��,ü~}EÁ ��� �p9<J'Qg9G��ORH�9GJUH�;a]I�X��9GJUH^k{�*HKT+ofH^HKSk�9GTU9�9<S�k`B�u¢b'QR�Fm�Og9pTUQP]IS�bK7.�:w�H^b'H J>9pTUQP]�b�9<J'H ��]<m�S�k�T']���H[QPS
�<H^J'i��I]h]hk�9G�IJ'H^HK�XHKS�T^7N�:w�QRb8QRS5��]<JU��9pTUQP]IS�?�o�w�Qg;>w�QgbC��9<b'H^k
]<S�k�9pTU9à9GS�k�B�u3b'QP�Nm�Og9pT'QR]<S�QRS�k5H^�*H^S�k5H^SITUOPiI?*��J']p�hQgk5H^b:TUw�H
S�HL;aH^bUbU9GJUi{;a]IS!�*k5H^S�;aH�T'w�9GT)m�b'QPS���T'w�H[_�QRS���k5HKT'H^;aT']IJUb���]<J�TUw�H
;aH^S�T'J>9GORQ�T+i`�XHL9<b'm�J'H:o�QROPO���J']p�hQgk5HfT'w�Hq�X]�b+T�9<;^;am�J>9pTUH:H��5�*H^J'QP�
�XHKS�TU9<OIJUH^b'm�OPT^7)� T)Qgb�QR�X�*]IJ\T>9GS�T�TU]���]<QRSIT.]<m5T)T'w�9GT)TUw�Qgb)b\T'm�k�i
]<S�OPi×��J']p�hQgk5H^kÞ�Im�QRk�9GS�;KH`9<b:TU]XT'w�HF;>w�]<Qg;aH�]G�zTUw�HF_�QRS��Ib���]<J
T'w�HqH��5��HKJUQP�XHKS�T>9GO�;aH^S�T'J>9GORQ�T+i`�XHL9<b'm�J'HI?<9GS*kFTUw�H2��S*9GO�H4�h��HKJ'�
QR�eH^S�TU9GORORiF�XH^9Ib\m�JUH^kØ5Ù�§�Ú�ÛBØ#ÏNk5Qgb+TUJ'QR��m5TUQP]IS�b�k5]�S�]GT�JUHKORiF]<S
T'w�H`k5HaT>9GQRORb:]<�)TUw�H`B�u b\QR�Fm�Og9pTUQP]IS�7
�:w�H�;>w�]<Qg;aHÞ]G�qTUw�H�_�QRS��Dk5HaTUH^;�TU]<J>bN��]<JXm�b'HÞQRS�T'w�H�;aH^S5�

T'J>9GORQPT+iek5HKT'H^J'�XQRS�9pTUQP]ISX��]<Jfk¯®8dqmà;K]<OROPQgb\QR]<S*bK?�9GOR]<S���o�QPT'w�TUw�H
H��hTUJU9I;�T'HLkXH��Ø;aQRHKS*;ai<?h9GOROR]poqbzT'w�H8;aJUH^9GT'QR]<SX]G��;KHKS�T'J>9GORQ�T+iN��QRS�b
��9Ib\HLk�]<S��*H^JU;KHKS�TU9<�<HF]<� ;aJU]IbUb{b'H^;aT'QR]<S�7���]<JCkK®8dqm�?�9Þ;aH^S5�
T'J>9GORQPT+i�k5HaTUHKJU�XQPS�9GT'QR]<S¢QRbFk5H^b'QPJUH^k�]p�<H^J8T'w�H�H^SITUQPJUHXJU9<S��<He]G�
��HKJUQP��w�HKJ>9GO:T']D;KHKS�T'J>9GO�;a]IOPORQgb\QR]<S�b^71�:whm�b�;a]IJ'JUH^;aT'QR]<S�bN�Fm�b\T
��HF��9<k5H`T']Ø��]GTUw�T'w�HNOP]5;^9pT'QR]<S�]<��T'w�HGüO}EÁ �C� ��QRS�b89GS�kÞTUw�HH��hTUJU9I;�T'HLk[Ù;á4â�ãÍä��p9GORm�HLb8T']Þ��J']I�*H^J'ORi�9<;^;a]Im�S�T���]<J8TUw�HXQPS�HK�±�
�*;KQPH^S�;aQRH^b�QRS1k5HaTUH^;aT'QRS��D�*H^J'QR��w�H^JU9<Oq;a]IOPORQRb'QR]<S�b^71�:w�H^b'H�;a]IJ\�
JUH^;�TUQP]IS�b�o[HKJUHX�X9Ik5HØ��9Ib\HLk¢]<S-H��hT'H^S�b'QP�IHØB�u b\QR�Fm�Og9pTUQP]IS�b
m�b'QPS�����]GT'wFT'w�H:�q�+�I�+�{}�9<S�kFd{B�y �-H^�<H^SIT.�<H^S�HKJ>9pTU]<J>bK7���]<J
T'w�H�;K9Ib\H�]<�*TUw�H��2¡8T'JUQR�<�<H^J'HLkNk�9pTU9Ib\HKT^?<T'w�H�;KHKS�T'J>9GORQPT+iNk5HKT'HKJ'�
�XQPS*9pT'QR]<S1o:9<bàJ'HL9GS�9<OPihn^H^k�QPS1TUHKJU��bØ]G�CTUw�H�H4��;KQPH^S�;ai�9<b\�

b']5;aQg9pTUH^k¢o�Q�TUwDH^9I;>w-;KJ']�b'b�b'H^;aT'QR]<SD��QRS�9GS*k�TUw�H×9Ib'b']5;aQg9pTUH^k
Ù;á�â	ãÍä>7e�:w�He9Ik�k5QPT'QR]<S�9<OzJ'H��Im�QPJUHK�XHKS�TC]G�[w�Q�T>b ¤ ��9<J\TUQR;KOPHLbU¥�QRS
TUw�HN�2¡ØJ'H^�<QR]<S�]G����w�9Ib\HNb\��9I;aHFb'HKJU�<HLb:T']à��m�b'w�T'w�He9��<H^JU9<�<H
Ù á�â	ãÍä w�QP�Iw�HKJL?�o�Q�TUw�TUw�HXOR9<J'�IH^b\T8b'w�Q��±T>b8��]<JCOR]pofH^J{;aH^S�T'J>9GORQ�T+i
;KOR9Ib'b'H^b^7�dqS�H4��9G�X��ORHà]G�:TUw�HàJUH^b'm�OPT'QRS���;aH^S�T'J>9GORQ�T+i¢��QRS�b`]IS

Multiplicity Signals in Silicon Rings (arb units)
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@ ��(,+�öLö<ì��>����ýIü é�ñ\èKé+øAþLù¢þ^ÿ�ûIþ�<té+ûIê:�>ê>ùpé�ñ\è4��øZé>
�øAüFëIêx�hù�ê>ë�ÿRþ^ñNè
ë��"�fý��>þ����AøAü�øAþLùK+�-zûIê�êUùGé+øZñ+ê/�Uñ+þ^ü�üfü�ê$�'é+ø�þ^ù�ñ\è^ù�ú^êqø�ü ý�ü�ê>ëXø�ùNé+û�ê
è^ùhè4�A
Iü�øAü$+�-zûIêXü�ûhè^ëIê�ë�ðhèKùhëIü{ñ+ê>îIñ+ê>ü�êUùGé`ðIøAù�üCøAù¢î5ê'ñ^�>ê>ùpé+ø���êeþ^ÿ�Uñ+þLü�ü:ü�ê��Ué+øAþLù´�>ýIé+ü:þ^ù�é+û�ê�ï8ý5�Zé+øAî5�Aø��>øZéE
eü�øAúLùhè4�Aü�ø�ùØé+û�ê�� ø�ùIúFëIê�%
é+ê$�Ué+þ^ñ+ü$+U-zû�êzëIèKé\è�øAü�ü�û�þ	<�ù�ÿRþ^ñ�èKù{þ^ù5�AøAù�êF��ê'ñ�é+ê�9�æÕ-�õ�÷*ñ+êUü é�ñ+ø��'é+ê�ë
ë�èKé\è{ü�êUé�æ±ü�ê>ê:é+ê�9Gé'÷\+

TUw�H�_�QPS��-b'QR�<S�9<O[k5Qgb\T'JUQP��m�T'QR]<S�bN��]<Je��]Im�J\� ��QRS�be]G�{;KJ']�b'beb'H^;��
TUQP]IS�9<J'HXb\w�]po�S�QPS-�.QP�*7U�&�*7`�:w�H�k5H^;KJ'HL9<b'QPS��àH��Ø;aQRHKS�;Ki���]<J
�X]IJ'HC��HKJUQP��w�HKJ>9GO�;a]IOPORQRb'QR]<S�b:Qgb:QP�X�XH^k�QR9GT'HKORiàH^�hQRk5H^S�T^7
Yhi5b\T'HK��9GT'Qg;fm�S�;aH^J\T>9GQRSITUQPHLb.]<SNT'w�Hqk5HLk5m�;KH^ke9��<HKJ>9G�IH6Ù�á�â	ã\ä

�p9<OPm�HLb&��]IJ HL9<;>w ��HKJ>;aHKS�TUQPORH ��QRS ]<�0;aJU]IbUb&b'H^;�TUQP]IS o[HKJUH
k�HaT'H^J'�XQRS�H^k	o�Q�TUw H��hTUHKS�b'QP�IH�9Ik�k5QPT'QR]<S�9<Oeb'QP�Nm�Og9pT'QR]<S*bK7 ��S
TUw�H^b'HFb\T'm�k�QPHLbK?�T'w�HÙ�á�â	ã\äfk5Qgb+TUJ'QR��m5TUQP]IS�TU9<=<HKS�k�QPJUH^;aT'ORià��JU]<�
}8Og9Gm��*H^J��X]5k5HKO�;K9GOg;am�OR9GT'QR]<S�b�o:9<b��X9GTU;>w�HLk8T']�T'w�H��XHL9<b'm�J'HLk
;KHKS�T'J>9GORQPT+iÞJUHKOg9pTUH^k��p9<J'Qg9G��ORH<?(Qx7 HI7Gü }EÁ �C� ?�k5Qgb+TUJ'QR��m5TUQP]IS���JU]<�k�9pTU9�?<9GS*kFTUw�H�9��IHKJ>9G�<H[;a]IJ'JUH^b'�*]IS�k5QRS���Ù á�â	ã\ä o:9<bzH��hTUJU9I;�T'HLk
��]IJ�H^9I;>w�;KHKS�T'J>9GORQPT+i���QRS�7 B�9<S�i k5Q'¥�H^J'H^SITØH4¥�HL;�T>bK?:QRS�;aORm�kh�
QRS��-�p9GJUQP]Im�beT+ih�*HLb�]G��k5HKT'H^;aT']IJ�J'HLb\]IOPm5TUQP]IS b'�XH^9<J'QRS���?f�*]�b+�
b'QR��OPHFS�]<S5� ORQPS�HL9GJqk5H^�*H^S�k5H^S�;aQRH^b{]G�zT'w�H`�XH^9<b'm�JUH^k�;aH^S�T'J>9GORQ�T+i
�p9<J'Qg9G��ORH8]<S�Ù�á�â	ã\ä 9GS�kÞk5Q'¥�H^J'H^S�T�k�HKm5TUHKJU]<SÞo[9��IH���m�S*;�T'QR]<S*bK?
o[HKJUHeQPS�;KOPm*k5H^k¢9GS�k�T'w�HØ9GS�9<OPi5b'QRb{J'H^�*HL9pTUH^k�7X�:w�H^b'H�b+TUm�k5QRH^b
b'w�]po[H^kXTUw�9pT[T'w�H{�XH^9<Sà�p9GORm�H8]G�cÙ;á�â	ãÍä�HLb+TUQP��9GT'H^kØ��J']I� T'w�H
��m�OPO����+�<�+�8} ¤ ]<Jqd{B�y �q¥/® }C| d{���"k5HaTUH^;aT']<J{b\QR�Fm�Og9pTUQP]IS
o:9<b.JUH^9Ib\]IS�9G��ORHf9<S�kFT'w�H�b'ihb\T'H^��9pT'Qg;[HKJUJ']IJ)]ISÙ;á�â	ãÍä�J'HL9<;>w�HLb
¨��#¡ � ��]IJ{TUw�H��X]Ib\T8��HKJUQR��w�HKJ>9GO�;KHKS�T'J>9GORQPT+i���QPS�?�o�w�HKJUHeT'w�H
]p�IHKJ>9GORO*��QR9Ib:QRb��IJ'HL9pTUH^b\T^7

íAò\ðÒ�,+��qè^ü é�ñ+ýIî*óF.U+R>5êUñ�<�èKü>ó�ê�ë<øAé+þKñ+ü>óm� Ú�ã ÝG¹×µp¬�®^¨\ÌF³�®^¯l¬'¨ ó
J�þKñ^�PëXí&�>øAê>ùpé+øD���Ló�íGø�ùIú�èKî5þ^ñ+ê`æ ò	Ô�Ô�ï�÷\+

í ô�ðfí!+4��ø�ëIê���ï`èKù ¬'¯�®^²�F ó#.�ûB
<ü$+���êUé�é	+5�
�2� P ó*ò�æ£ô^õ^õ^ö�÷\+
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